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Abstract
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Effects of various levels of Spirulina on growth performance and pigmentation
in goldfish (Carassius aurarus)
Songklanakarin J. Sci. Technol., 2005, 27(Suppl. 1) : 133-139
The study was conducted to determine the optimum level of dried Spirulina in test diets for goldfish.
The goldfish fed the test diet supplemented with dried Spirulina at a concentration of 1, 3 and 5% compared
to the control diet without Spirulina. The color value (L, a and b) was measured by a colorsmeter after
6 weeks of feeding trial. The L value in the goldfish fed control diet was highest when compared to those fed
all Spirulina supplemented diets. The a values in the goldfish fed control, 1, 3 and 5% Spirulina were 11.70,
18.87, 20.30 and 23.68, and the b values in the goldfish fed control, 1, 3 and 5% Spirulina were 18.36,  28.86,
31.74 and 35.53 respectively. Growth performance was highest in the goldfish fed test diet containing 3%
dried Spirulina (p<0.05). The results showed the positive effect of 3-5% dried Spirulina for pigmentation in
goldfish; however, the test diet supplemented with 3% Spirulina resulted in the highest growth performance
in goldfish.
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°“√»÷°…“√–¥—∫§«“¡‡¢â¡¢âπ∑’Ë‡À¡“– ¡¢Õß ‰ª√Ÿ≈‘π“  ‡æ◊ËÕ∑√“∫∂÷ßº≈µàÕ°“√‡®√‘≠‡µ‘∫‚µ·≈–°“√‡√àß ’„π
ª≈“∑Õß ∑¥≈Õß‚¥¬‡≈’È¬ßª≈“∑Õß¥â«¬Õ“À“√ 4  Ÿµ√ ‰¥â·°à Õ“À“√∑’Ë‰¡à‡ √‘¡ ‰ª√Ÿ≈‘π“ ·≈–Õ“À“√∑’Ë‡ √‘¡ ‰ª√Ÿ≈‘π“
·Àâß∑’Ë√–¥—∫ 1, 3, 5% ‡ªìπ‡«≈“ 6  —ª¥“Àå  ®“°°“√«—¥ ’µ—«ª≈“¥â«¬√–∫∫°“√«—¥§à“ ’·¥ß (a value) §à“ ’‡À≈◊Õß (b
value) ·≈–§à“§«“¡ «à“ß (L value) æ∫«à“°“√‡ √‘¡ ‰ª√Ÿ≈‘π“„πÕ“À“√¡’º≈∑”„Àâ ’µ—«¢Õßª≈“∑Õß¡’ ’‡À≈◊Õß ·≈–
·¥ß‡æ‘Ë¡¡“°¢÷Èπµ“¡√–¥—∫¢Õß “À√à“¬ ‰ª√Ÿ≈‘π“∑’Ë‡ √‘¡„πÕ“À“√  √–¥—∫ ’∑’Ë«—¥ 3 √–¥—∫ §◊Õ §à“ L (√–¥—∫ ’¢“«-¥”)
¡’§à“‡©≈’Ë¬ Ÿß ÿ¥„π™ÿ¥°“√∑¥≈Õß∑’Ë‰¡à‡ √‘¡ ‰ª√Ÿ≈‘π“ 50.86 „π¢≥–∑’Ë„π™ÿ¥°“√∑¥≈Õß∑’Ë‡ √‘¡ ‰ª√Ÿ≈‘π“∑’Ë√–¥—∫ 1, 3
·≈– 5% ¡’§à“‡©≈’Ë¬‡∑à“°—∫ 48.23, 48.53 ·≈– 47.53 µ“¡≈”¥—∫ §à“ a (√–¥—∫ ’·¥ß-‡¢’¬«) ¡’§à“‡©≈’Ë¬ ’µ—«ª≈“„π™ÿ¥
°“√∑¥≈Õß∑’Ë‰¡à‡ √‘¡ ‰ª√Ÿ≈‘π“ 11.70 „π¢≥–∑’Ë™ÿ¥°“√∑¥≈Õß∑’Ë‡ √‘¡ ‰ª√Ÿ≈‘π“∑’Ë√–¥—∫ 1, 3 ·≈– 5% ¡’§à“‡©≈’Ë¬
‡∑à“°—∫ 18.87, 20.30 ·≈– 23.68 µ“¡≈”¥—∫ ·≈–§à“ b (√–¥—∫ ’‡À≈◊Õß-πÈ”‡ß‘π) ¡’§à“‡©≈’Ë¬ ’µ—«ª≈“„π™ÿ¥°“√∑¥≈Õß∑’Ë
‰¡à‡ √‘¡ ‰ª√Ÿ≈‘π“ 18.36 „π¢≥–∑’Ë„π™ÿ¥°“√∑¥≈Õß∑’Ë‡ √‘¡ ‰ª√Ÿ≈‘π“∑’Ë√–¥—∫ 1, 3 ·≈– 5% ¡’§à“‡©≈’Ë¬‡∑à“°—∫ 28.86,
31.74 ·≈– 35.53  º≈¢Õß ‰ª√Ÿ≈‘π“µàÕ°“√‡®√‘≠‡µ‘∫‚µ æ∫«à“ª≈“∑Õß∑’Ë‰¥â√—∫Õ“À“√‡ √‘¡ ‰ª√Ÿ≈‘π“∑’Ë√–¥—∫ 3% ¡’
πÈ”Àπ—°‡©≈’Ë¬µàÕµ—«·≈–Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µ Ÿß°«à“°≈ÿà¡Õ◊ËπÊ Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ (p<0.05) °“√∑¥≈Õßπ’È· ¥ß
„Àâ‡ÀÁπ«à“°“√‡ √‘¡ ‰ª√Ÿ≈‘π“·Àâß„πÕ“À“√ 3-5%  “¡“√∂‡√àß ’¢Õßª≈“∑Õß„Àâ¡’ ’‡À≈◊Õß·≈–·¥ß‰¥â¡“°¢÷ÈπÕ¬à“ß¡’
π—¬ ”§—≠∑“ß ∂‘µ‘  (p<0.05)
„πÕÿµ “À°√√¡°“√‡æ“–‡≈’È¬ßª≈“ «¬ß“¡   ’¢Õß
µ—«ª≈“∂◊Õ‡ªìπªí®®—¬ ”§—≠∑’Ë®–µâÕß§«∫§ÿ¡‡æ◊ËÕ„Àâ‰¥âµ√ß
°—∫§«“¡µâÕß°“√¢Õßµ≈“¥  ªí≠À“ ”§—≠ª√–°“√Àπ÷Ëß„π
°“√‡æ“–‡≈’È¬ßª≈“ «¬ß“¡ ‰¥â·°à °“√¢“¥·§‚√∑’πÕ¬¥å
(carotenoid) „πÕ“À“√ ∑”„Àâ ’¢Õßª≈“ «¬ß“¡‰¡àµ√ß
µ“¡§«“¡µâÕß°“√¢Õßµ≈“¥    °“√ª√—∫ª√ÿß ’¢Õßª≈“
 «¬ß“¡ “¡“√∂∑”‰¥â‚¥¬°“√‡ √‘¡·§‚√∑’πÕ¬¥å„πÕ“À“√
(Lastcha, 1991)  ·§‚√∑’πÕ¬¥å‡ªìπ “√ ’∑’Ë¡’§«“¡ ”§—≠
µàÕ ‘Ëß¡’™’«‘µµà“ßÊ ¡’ à«π ”§—≠„π°“√‡°‘¥ ’ ∑”„Àâ ‘Ëß¡’™’«‘µ
¡’ ’µ—«·µ°µà“ß°—π‰ª   —µ«åπÈ”∑—Èß°ÿâß·≈–ª≈“ ‰¡à “¡“√∂
 √â“ß·§‚√∑’πÕ¬¥å¢÷Èπ„π√à“ß°“¬‰¥â  ®”‡ªìπµâÕß‰¥â√—∫®“°
Õ“À“√∑’Ë°‘π‡∑à“π—Èπ (Estermann, 1994)  Õ¬à“ß‰√°Áµ“¡
 “√°≈ÿà¡·§‚√∑’πÕ¬¥åª√–°Õ∫‰ª¥â«¬ “√À≈“¬™π‘¥  ‡™àπ
∫’µ“-·§‚√∑’π (β-carotene), ‡´’¬·´π∑’π (zeaxanthin),
≈Ÿ∑’π (lutein), ·Õ µ“·´π∑’π (astaxathin) ·≈–·§πµ“-
·´π∑’π (cantaxanthin) ‡ªìπµâπ  ·§‚√∑’πÕ¬¥å·µà≈–
™π‘¥¡’ª√– ‘∑∏‘¿“æ°“√„™âß“π„π —µ«åπÈ” (bioavailability)
·µ°µà“ß°—π (Chein and Jeng, 1992)  πÕ°®“°π’È·§‚√-
∑’πÕ¬¥å™π‘¥‡¥’¬«°—π°Á¬—ßæ∫‰¥â∑—Èß„π√Ÿª·§‚√∑’πÕ¬¥åÕ‘ √–
·≈–„π√Ÿª‡Õ ‡∑Õ√å  ´÷Ëß„Àâº≈°“√„™â‡ªìπ·À≈àß¢Õß “√ ’„π
 —µ«åπÈ”µà“ß°—π
·§‚√∑’πÕ¬¥å∑’Ë„™â‡ √‘¡„πÕ“À“√ —µ«åπÈ” à«π„À≠à‡ªìπ
 “√ —ß‡§√“–Àå´÷Ëß¡’√“§“·æß   àßº≈„Àâ¡’µâπ∑ÿπ°“√º≈‘µ
‡æ‘Ë¡ Ÿß¢÷Èπ¡“°      °“√ª√–¬ÿ°µå„™â·§‚√∑’πÕ¬¥å®“°«— ¥ÿ
∏√√¡™“µ‘ µ≈Õ¥®π«— ¥ÿ‡»…‡À≈◊Õ®“°Õÿµ “À°√√¡®÷ß‡ªìπ
·π«∑“ß„π°“√≈¥µâπ∑ÿπ°“√º≈‘µ ‡™àπ °“√„™â‡´≈≈å “À√à“¬
 ‰ª√Ÿ≈‘π“ (Spirulina sp.) À√◊Õ∫’µ“-·§‚√∑’π ∑’Ë °—¥®“°
 “À√à“¬¥Ÿπ“≈‘‡Õ≈≈à“ (Dunaliella sp.) ·≈–·Õ µ“·´π∑’π
®“° “À√à“¬Œ’¡“‚µ§Õ°§—  (Haematococcus pluvialis)
‡ªìπµâπ    Õ¬à“ß‰√°Áµ“¡ —µ«åπÈ”·µà≈–™π‘¥ “¡“√∂„™â
·§‚√∑’πÕ¬¥å‰¥â¡’ª√– ‘∑∏‘¿“æµà“ß°—π‰ª  °“√»÷°…“„π°ÿâß
§ÿ√Ÿ¡“ (Kuruma shrimp, Penaeus japonicus) æ∫«à“
·Õ µ“·´π∑’π‡ªìπ “√ ’∑’Ë¡’ª√– ‘∑∏‘¿“æ Ÿß ÿ¥„π°“√‡√àß ’
(Chein and Jeng, 1992)  à«π„π°ÿâß°ÿ≈“¥”  “¡“√∂„™â‰¥â
∑—Èß·Õ µ“·´π∑’π ·≈–∫’µ“-·§‚√∑’π (Liao et al.,1993)
πÕ°®“°™π‘¥¢Õß·§‚√∑’πÕ¬¥å·≈â«  ª√‘¡“≥¢Õß·§‚√-«.  ß¢≈“π§√‘π∑√å «∑∑.
ªï∑’Ë 27 (©∫—∫æ‘‡»… 1) 2548: «“√‘™»“ µ√å
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 ÿ¿Ø“  §’√’√—∞π‘§¡ ·≈–§≥– 135
∑’πÕ¬¥å„πÕ“À“√°Á‡ªìπªí®®—¬ ”§—≠∑’Ë¡’µàÕ°“√‡√àß ’  ®“°
°“√»÷°…“°“√„™â “À√à“¬ ‰ª√Ÿ≈‘π“‡ √‘¡„πÕ“À“√¢Õß°ÿâß
°ÿ≈“¥” æ∫«à“∑’Ë√–¥—∫§«“¡‡¢â¡¢âπ¢Õß‡´≈≈å·Àâß 3-5% ®–
¡’ª√– ‘∑∏‘¿“æ„π°“√‡√àß ’‰¡à·µ°µà“ß°—π  (Liao et  al.,
1993) ß“π«‘®—¬π’È®÷ß¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ»÷°…“º≈¢Õß·§‚√-
∑’πÕ¬¥å®“°‡´≈≈å “À√à“¬ ‰ª√Ÿ≈‘π“·ÀâßµàÕ°“√‡®√‘≠‡µ‘∫‚µ
·≈–º≈∑’Ë¡’µàÕ ’µ—«¢Õßª≈“∑Õß Õ—π‡ªìπ°“√ª√—∫ª√ÿß§ÿ≥¿“æ
ª≈“ «¬ß“¡  ·≈–‡ªìπ°“√‡æ‘Ë¡¡Ÿ≈§à“ª≈“ «¬ß“¡‡æ◊ËÕ°“√
 àßÕÕ°‰¥âÕ’°∑“ßÀπ÷Ëß
«‘∏’°“√»÷°…“
°“√‡µ√’¬¡ —µ«å∑¥≈Õß
π”≈Ÿ°ª≈“∑Õß∑’Ë‰¥â®“°æàÕ·¡àæ—π∏ÿå™ÿ¥‡¥’¬«°—π¡“
Õπÿ∫“≈„π∂—ß‰ø‡∫Õ√å°≈“  ‡ªìπ‡«≈“ 1  —ª¥“Àå ‡æ◊ËÕ„Àâ
ª√—∫ ¿“æ„Àâ‡À¡“– ¡µàÕ ¿“æ·«¥≈âÕ¡¢Õß°“√«‘®—¬ ·≈–
„Àâ°‘πÕ“À“√ Ÿµ√§«∫§ÿ¡«—π≈– 3 §√—Èß §◊Õ‡«≈“ 8.30 π.
12.30 π. ·≈– 16.30 π. §—¥ª≈“∑Õß∑’Ë¡’¢π“¥µ—«„°≈â‡§’¬ß
°—π‡≈’È¬ß„πµŸâ∑¥≈Õßª√‘¡“µ√ 80 ≈‘µ√  ®”π«π 8 µ—«/µŸâ
∑—ÈßÀ¡¥ 12 µŸâ À≈—ß®“°ª≈“ª√—∫ ¿“æ‰¥â·≈â« ®÷ß™—ËßπÈ”Àπ—°
‡√‘Ë¡µâπ¢Õßª≈“„π·µà≈–µŸâ ®—¥·ºπ°“√∑¥≈Õß·∫∫ CRD
(complete  randomized design) ·∫àß°“√∑¥≈ÕßÕÕ°
‡ªìπ 4 ™ÿ¥°“√∑¥≈Õß ·µà≈–™ÿ¥°“√∑¥≈Õßª√–°Õ∫¥â«¬
µŸâ∑¥≈Õß 3 ´È” «‘‡§√“–Àå§«“¡·µ°µà“ß¢Õß§à“‡©≈’Ë¬¥â«¬
Duncan's multiple  range  test (DMRT) (Zar, 1984)
°“√‡µ√’¬¡Õ“À“√∑¥≈Õß
‡µ√’¬¡Õ“À“√∑¥≈Õß‚¥¬º ¡ “À√à“¬ ‰ª√Ÿ≈‘π“
(Spirulina platensis)  ∑’Ëºà“π°“√∑”·Àâß¥â«¬«‘∏’·™à·¢Áß
·Àâß (freeze dried) 1, 3 ·≈– 5% „πÕ“À“√   à«πÕ“À“√
 ”À√—∫™ÿ¥§«∫§ÿ¡‡µ√’¬¡‡™àπ‡¥’¬«°—π°—∫Õ“À“√∑¥≈Õß‚¥¬
‰¡à‡ √‘¡‡´≈≈å “À√à“¬ ‰ª√Ÿ≈‘π“·µàÕ¬à“ß„¥ Õ“À“√∑¥≈Õß
 ”À√—∫ª≈“∑Õß®—¥‡µ√’¬¡‚¥¬§”π«≥®“°§ÿ≥§à“∑“ß
‚¿™π“°“√¢Õß«— ¥ÿÕ“À“√„Àâ¡’ª√‘¡“≥‚ª√µ’π√«¡ 38%
‚¥¬¡’ à«πº ¡¥—ß· ¥ß„π Table 1 ‡µ‘¡πÈ” 30% ‡æ◊ËÕ„Àâ
Õ“À“√®—∫µ—«‡ªìπ°âÕπ ®÷ßπ”‰ªºà“π‡§√◊ËÕßÕ—¥‡¡Á¥ „Àâ‡ªìπ
‡¡Á¥ ¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß 2 ¡¡. ®÷ßπ”‰ªÕ∫·Àâß¥â«¬
µŸâÕ∫∑’ËÕÿ≥À¿Ÿ¡‘ 65ºC ‡ªìπ‡«≈“ 4 ™—Ë«‚¡ß Õ“À“√∑’Ë‡µ√’¬¡
‡ √Á®·≈â«  ∫√√®ÿ„π∂ÿßæ≈“ µ‘°·≈â«‡°Á∫√—°…“‰«â∑’ËÕÿ≥À¿Ÿ¡‘
4ºC
Table 1. Ingredients of the test diets.
   % in diet
Control 1% Spirulina 3% Spirulina 5% Spirulina
Fish meal 33 32 30 28
Soybean meal 35 35 35 35
Rice bran 15 15 15 15
Wheat flour 8 8 8 8
Vitamin mixture* 0.5 0.5 0.5 0.5
Mineral mixture** 0.5 0.5 0.5 0.5
Fish oil 2 2 2 2
Rice flour 3 3 3 3
Freeze dried Spirulina 0 1 3 5
*Vitamin / kg diet: Thiamine (B1) 10 mg; Riboflavin (B2) 20 mg; Pyridoxine (B6) 10 mg;
Cobalamin (B12)  2 mg; Retinal (A) 4 mg; Cholecalciferol (D3) 0.4 mg; Phylloquinone
(K1) 80 mg; Folic acid 5 mg; Calcium pantothenate 40 mg; Inositol 400 mg; Niacin
150 mg; Tocopherol (E) 60 mg; Choline 6000 mg; Ascorbic  acid (C) 500 mg
**Mineral / kg diet: NaCl 0.25 g; MgSO4 3.75 g; KH2PO4  8 g; Ca(H2PO4) 5 g; FeSO4
0.72 g; (CH3COO)2Ca.5H2O  0.88 g; ZnSO4.7H2O 0.088 g; MnSO4.4H2O 0.040 g;
CuSO4.5H2O 0.008 g; CoCl2.6H2O 0.00025 g; KIO3.6H2O 0.00075 gSongklanakarin J. Sci. Technol.
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°“√‡°Á∫¢âÕ¡Ÿ≈·≈–«‘‡§√“–Àå¢âÕ¡Ÿ≈
°“√‡®√‘≠‡µ‘∫‚µ¢Õßª≈“
™—ËßπÈ”Àπ—°ª≈“√«¡„π·µà≈–µŸâ∑¥≈Õß∑ÿ° 2  —ª¥“Àå
‡æ◊ËÕ∑√“∫πÈ”Àπ—°ª≈“∑’Ë‡æ‘Ë¡¢÷Èπ‚¥¬„™â‡§√◊ËÕß™—Ëß‰øøÑ“∑»π‘¬¡
2 µ”·Àπàß ∫—π∑÷°®”π«πµ—« ‡æ◊ËÕ§”π«≥πÈ”Àπ—°‡©≈’Ë¬µàÕ
µ—«  πÈ”Àπ—°∑’Ë‡æ‘Ë¡¢÷Èπ (weight  gain %)  °“√‡ª≈’Ë¬π
Õ“À“√‡ªìπ‡π◊ÈÕ (feed coversion rate) ·≈–Õ—µ√“°“√√Õ¥
µ“¬
°“√«—¥°“√‡ª≈’Ë¬π·ª≈ß¢Õß ’µ—«¿“¬πÕ°
‡¡◊ËÕ ‘Èπ ÿ¥°“√∑¥≈Õß 6  —ª¥“Àå   ‡°Á∫µ—«Õ¬à“ß
ª≈“∑Õß∑ÿ°µ—«„π·µà≈–™ÿ¥°“√∑¥≈Õß  ‚¥¬ ≈∫¥â«¬ “√
≈–≈“¬ 100 ppm Quinaldine® ·≈â«π”¡“«—¥§à“ ’ ‚¥¬·¬°
«—¥§à“§«¡ «à“ß (L value)  §à“ ’·¥ß-‡¢’¬« (a value) ·≈–
§à“ ’‡À≈◊Õß-πÈ”‡ß‘π (b value) ∑’Ë∫√‘‡«≥º‘«µ—«ª≈“‡Àπ◊Õ§√’∫
Õ° (pactoral fin) ·≈–„µâ§√’∫Õ°‚¥¬‡§√◊ËÕß Colorsmeter
(HunterLab® ColorFlexTM)  ®“°π—Èππ”§à“ ’∑’Ë«—¥‰¥â¡“
‡©≈’Ë¬‡ªìπ§à“ ’¢Õßª≈“·µà≈–µ—«    ‡æ◊ËÕ‡ª√’¬∫‡∑’¬∫°“√
‡ª≈’Ë¬π·ª≈ß ’¿“¬πÕ°¢Õßª≈“„π·µà≈–™ÿ¥°“√∑¥≈Õß
º≈°“√»÷°…“
°“√‡®√‘≠‡µ‘∫‚µ·≈–Õ—µ√“√Õ¥¢Õßª≈“∑Õß
πÈ”Àπ—°‡©≈’Ë¬µàÕµ—«¢Õßª≈“∑Õß∑’Ë‰¥â√—∫Õ“À“√
‡ √‘¡ ‰ª√Ÿ≈‘π“∑—Èß 4  Ÿµ√ µ≈Õ¥√–¬–‡«≈“°“√∑¥≈Õß 6
 —ª¥“Àå · ¥ß„π Table 2 ∑—Èßπ’È„π√–¬–·√°¢Õß°“√∑¥≈Õß
(‡√‘Ë¡∑¥≈Õß®π∂÷ß —ª¥“Àå∑’Ë 4)  πÈ”Àπ—°‡©≈’Ë¬µàÕµ—«¢Õß
ª≈“∑Õß„π·µà≈–™ÿ¥°“√∑¥≈Õß‰¡à¡’§«“¡·µ°µà“ß°—π∑“ß
 ∂‘µ‘ (p>0.05)  ·µàæ∫«à“πÈ”Àπ—°‡©≈’Ë¬µàÕµ—«¢Õßª≈“¡’
§«“¡·µ°µà“ß°—π„π —ª¥“Àå∑’Ë 6 ‚¥¬ª≈“∑Õß∑’Ë‰¥â√—∫Õ“À“√
‡ √‘¡ ‰ª√Ÿ≈‘π“ 3% ·≈–ª≈“∑Õß„π™ÿ¥§«∫§ÿ¡ ¡’πÈ”Àπ—°
‡©≈’Ë¬µàÕµ—« Ÿß∑’Ë ÿ¥    ·≈–‰¡à¡’§«“¡·µ°µà“ß°—π∑“ß ∂‘µ‘
(p>0.05) ·≈–æ∫«à“ª≈“∑Õß∑’Ë‰¥â√—∫Õ“À“√‡ √‘¡ ‰ª√Ÿ≈‘π“
Table 3. Weight gain (%), FCR and survivals of goldfish fed each
test diet for 6 weeks.
Weight gain (%) FCR % survivals
T1 (Control) 34.44±4.22b 5.47±0.74ns 100
T2 (1% Spirulina) 35.96±5.49b 5.19±0.80ns 100
T3 (3% Spirulina) 48.16±2.79a 4.32±0.24ns 100
T4 (5% Spirulina) 34.99±3.09b 5.89±0.58ns 100
Means within columns not sharing the same superscript are significantly
different (P<0.05)
ns = not significant (P>0.05)
Table 2. Average body weight (g) of goldfish fed each test diet during 6 weeks of
feeding trial.
0  wk 2  wk 4  wk 6  wk
T1 (Control) 16.99±1.18ns 18.04±1.23ns 21.91±1.51ns 22.81±1.03ab
T2 (1% Spirulina) 16.27±0.01ns 17.76±0.32ns 21.04±0.55ns 22.12±0.89b
T3 (3% Spirulina) 16.27±0.01ns 16.26±0.70ns 21.14±0.48ns 24.10±0.45a
T4 (5% Spirulina) 16.27±0.01ns 18.00±0.50ns 21.41±0.37ns 21.96±0.52b
Means within columns not sharing the same superscript are significantly different (P<0.05)
ns = not significant (P>0.05)«.  ß¢≈“π§√‘π∑√å «∑∑.
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3% ¡’‡ªÕ√å‡´ÁπµåπÈ”Àπ—°∑’Ë‡æ‘Ë¡ Ÿß ÿ¥ ‚¥¬·µ°µà“ß®“°™ÿ¥
°“√∑¥≈Õß∑’Ë‰¥â√—∫Õ“À“√‡ √‘¡ ‰ª√Ÿ≈‘π“ 1%, 5% ·≈–
Õ“À“√™ÿ¥§«∫§ÿ¡´÷Ëß‰¡à‡ √‘¡ ‰ª√Ÿ≈‘π“Õ¬à“ß¡’π—¬ ”§—≠∑“ß
 ∂‘µ‘ (p<0.05) Õ¬à“ß‰√°Áµ“¡ Õ—µ√“°“√·≈°‡π◊ÈÕ ·≈–°“√
√Õ¥µ“¬  ‰¡à¡’§«“¡·µ°µà“ß°—π∑“ß ∂‘µ‘„π·µà≈–™ÿ¥°“√
∑¥≈Õß ¥—ß· ¥ß„π Table 3
 ’∫√‘‡«≥≈”µ—«¢Õßª≈“∑Õß
®“°≈—°…≥–¿“¬πÕ° æ∫«à“ ª≈“¡’ ’ â¡·¥ß·≈–
‡À≈◊Õß∑Õß™—¥‡®π∫√‘‡«≥¢â“ß≈”µ—«‡¡◊ËÕ‰¥â√—∫Õ“À“√‡ √‘¡
 ‰ª√Ÿ≈‘π“ 3-5% (Figure 1)   ª≈“∑’Ë‰¥â√—∫Õ“À“√‡ √‘¡
 ‰ª√Ÿ≈‘π“·Àâß∑’Ë√–¥—∫ 1-5 % ¡’§à“§«“¡ «à“ß¢Õß ’µ—« (§à“
L)  µË”°«à“ª≈“∑’Ë‰¥â√—∫Õ“À“√™ÿ¥§«∫§ÿ¡Õ¬à“ß¡’π—¬ ”§—≠
∑“ß ∂‘µ‘ (p<0.05)   à«π§à“√–¥—∫ ’·¥ß-‡¢’¬« (§à“ a) „π
ª≈“∑Õß∑’Ë‰¥â√—∫Õ“À“√‡ √‘¡ ‰ª√Ÿ≈‘π“ 3-5% ¡’§à“‰¡à·µ°
µà“ß°—π∑“ß ∂‘µ‘ (p>0.05) ·µàæ∫«à“¡’§à“ Ÿß°«à“™ÿ¥§«∫§ÿ¡
(p<0.05)   Õ¬à“ß‰√°Áµ“¡ ª≈“∑Õß∑’Ë‰¥â√—∫Õ“À“√‡ √‘¡
 ‰ª√Ÿ≈‘π“ 5% ®–¡’§à“ a  Ÿß°«à“ª≈“∑’Ë‰¥â√—∫Õ“À“√‡ √‘¡
 ‰ª√Ÿ≈‘π“ 1% Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ (p<0.05)   à«π
Figure 1.  Body color of the goldfish fed each test diet for 6 weeks.
°“√«—¥§à“√–¥—∫ ’‡À≈◊Õß-πÈ”‡ß‘π (b) æ∫«à“ª≈“∑Õß∑’Ë‰¥â√—∫
Õ“À“√‡ √‘¡ ‰ª√Ÿ≈‘π“„π√–¥—∫ 1-5% ¡’§à“ ’ b  Ÿß°«à“
™ÿ¥§«∫§ÿ¡Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ (p<0.05) ¥—ß· ¥ß„π
Table 4
 √ÿª·≈–«‘®“√≥åº≈°“√∑¥≈Õß
‡¡◊ËÕπ”ª≈“∑Õß¡“‡≈’È¬ß¥â«¬Õ“À“√∑’Ë‡ √‘¡ ‰ª√Ÿ≈‘π“
∑’Ë√–¥—∫µà“ßÊ ‡ªìπ‡«≈“ 6  —ª¥“Àå æ∫«à“°“√‡ √‘¡ ‰ª√Ÿ≈‘π“
∑’Ë√–¥—∫§«“¡‡¢â¡¢âπ 3% ¡’º≈„ÀâÕ—µ√“°“√‡®√‘≠‡µ‘∫‚µ¢Õß
ª≈“∑Õß¡’§à“ Ÿß ÿ¥·≈–·µ°µà“ß°—∫™ÿ¥°“√∑¥≈ÕßÕ◊ËπÊ
¢≥–∑’Ë°“√‡ √‘¡ ‰ª√Ÿ≈‘π“„πÕ“À“√ 5% ¡’º≈„ÀâÕ—µ√“°“√
‡®√‘≠‡µ‘∫‚µ¢Õßª≈“∑Õß≈¥≈ß ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫™ÿ¥§«∫§ÿ¡
∑—Èßπ’ÈÕ“®‡π◊ËÕß¡“®“°√–¥—∫§«“¡‡¢â¡¢âπ¢Õß ‰ª√Ÿ≈‘π“„π
Õ“À“√∑’Ë‡æ‘Ë¡¢÷Èπ¡’º≈µàÕ ¡¥ÿ≈¢Õß°√¥Õ–¡‘‚π√«¡„πÕ“À“√
°“√‰¥â√—∫Õ“À“√∑’Ë¡’°√¥Õ–¡‘‚π‰¡à ¡¥ÿ≈¡’º≈∑”„Àâ°“√
‡®√‘≠‡µ‘∫‚µ¢Õßª≈“∑Õß≈¥≈ß‰¥â (Halver et al., 2002)
´÷Ëß Õ¥§≈âÕß°—∫°“√∑¥≈Õß„π°ÿâß°ÿ≈“¥”¢Õß Liao ·≈–§≥–
(1993)  ´÷Ëßæ∫«à“°ÿâß°ÿ≈“¥”∑’Ë‰¥â√—∫Õ“À“√‡ √‘¡ ‰ª√Ÿ≈‘π“Songklanakarin J. Sci. Technol.
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Kiriratnikom, S., et al.
5% ¡’°“√‡®√‘≠‡µ‘∫‚µµË”°«à“™ÿ¥°“√∑¥≈Õß∑’Ë‰¥â√—∫Õ“À“√
‰¡à‡ √‘¡ ‰ª√Ÿ≈‘π“ πÕ°®“°π’È„π°“√∑¥≈Õß„™â‚ª√µ’π‡´≈≈å
‡¥’¬« (single cells protein, SCP) ‡ √‘¡„πÕ“À“√„π
ª√‘¡“≥¡“°‡°‘π®–¡’º≈‡ ’¬µàÕ°“√‡®√‘≠‡µ‘∫‚µ¢Õß —µ«åπÈ”
´÷ËßÕ“®‡°‘¥®“°∑—Èß®“° ¡¥ÿ≈¢Õß°√¥Õ–¡‘‚π√«¡„πÕ“À“√
µ≈Õ¥®πÕ“®¡’ “√¬—∫¬—Èß°“√‡º“º≈“≠Õ“À“√ (antimeta-
bolites)  Õ¬Ÿà„π‡´≈≈å∑’Ëπ”¡“„™â‡ªìπ·À≈àß¢Õß‚ª√µ’π‡´≈≈å
‡¥’¬« (Kiessling and Askbrandt, 1993) ∑—Èßπ’È°“√‡ √‘¡
 ‰ª√Ÿ≈‘π“„πÕ“À“√‰¡à¡’º≈µàÕ°“√·≈°‡π◊ÈÕ  ·≈–°“√√Õ¥
µ“¬¢Õßª≈“∑Õß ‡™àπ‡¥’¬«°—π°—∫°“√∑¥≈Õß¢Õß ¡–≈‘ ·≈–
§≥– (2543) ´÷Ëß»÷°…“º≈¢Õß·Õ µ“·´π∑’π —ß‡§√“–ÀåµàÕ
°“√‡®√‘≠‡µ‘∫‚µ„π°ÿâß°ÿ≈“¥” ‚¥¬∑”°“√∑¥≈Õß 8  —ª¥“Àå
æ∫«à“πÈ”Àπ—°‡©≈’Ë¬ Õ—µ√“√Õ¥µ“¬ ·≈–‡ªÕ√å‡´ÁπµåπÈ”Àπ—°
∑’Ë‡æ‘Ë¡¢Õß°ÿâß∑’Ë‰¥â√—∫Õ“À“√∑¥≈Õß∑ÿ° Ÿµ√‰¡à¡’§«“¡·µ°µà“ß
°—π∑“ß ∂‘µ‘ ·≈– Õ¥§≈âÕß°—∫√“¬ß“π¢Õß Yamada ·≈–
§≥– (1990)  ´÷Ëß∑¥≈Õß‡ √‘¡·Õ µ“·´π∑’π —ß‡§√“–Àå
∫’µ“-·§‚√∑’π —ß‡§√“–Àå ·≈–·§πµ“·´π∑’π —ß‡§√“–Àå„π
Õ“À“√°ÿâß§ÿ√ÿ¡“ æ∫«à“°ÿâß∑’Ë‰¥â√—∫Õ“À“√‡ √‘¡ “√ ’ —ß‡§√“–Àå
¥—ß°≈à“«∑ÿ° Ÿµ√ ¡’°“√‡®√‘≠‡µ‘∫‚µ·≈–ª√– ‘∑∏‘¿“æ°“√„™â
Õ“À“√‰¡à·µ°µà“ß°—∫™ÿ¥§«∫§ÿ¡
Õ¬à“ß‰√°Áµ“¡  °“√‡ √‘¡ ‰ª√Ÿ≈‘π“„πÕ“À“√¡’º≈
∑”„Àâ ’‡À≈◊Õß ·≈–·¥ß¢Õßµ—«ª≈“∑Õß‡æ‘Ë¡¡“°¢÷Èπ ‚¥¬∑’Ë
 ’¢“«®–≈¥≈ß  ‚¥¬‡©æ“–°“√‡æ‘Ë¡¢÷Èπ¢Õß§à“√–¥—∫ ’·¥ß-
‡¢’¬« (a) ·≈–‡À≈◊Õß-πÈ”‡ß‘π (b)  ´÷Ëß®– —¡æ—π∏å°—∫ ’·¥ß
·≈–‡À≈◊Õß¢Õßµ—«ª≈“∑’Ë‡æ‘Ë¡¢÷Èπ  ‚¥¬√–¥—∫§«“¡‡¢â¡¢âπ∑’Ë
‡À¡“– ¡¢Õß “À√à“¬∑’Ë¡’ª√– ‘∑∏‘¿“æµàÕ°“√‡√àß ’„π
ª≈“∑Õß§◊Õ√–¥—∫§«“¡‡¢â¡¢âπ¢Õß ‰ª√Ÿ≈‘π“·Àâß„πÕ“À“√
3-5%  ´÷Ëß Õ¥§≈âÕß°—∫°“√∑¥≈Õß¢Õß Liao ·≈–§≥–
(1993) ´÷Ëßæ∫«à“√–¥—∫§«“¡‡¢â¡¢âπ¢Õß “À√à“¬ ‰ª√Ÿ≈‘π“
·Àâß„πÕ“À“√°ÿâß°ÿ≈“¥” 3-5% ¡’ª√– ‘∑∏‘¿“æ Ÿß ÿ¥„π°“√
‡æ‘Ë¡ª√‘¡“≥·§‚√∑’πÕ¬¥å„π‡ª≈◊Õ°°ÿâß ∑—Èßπ’È Ohkubo ·≈–
§≥– (1999) √“¬ß“π«à“ ª≈“∑Õß®–‡ª≈’Ë¬π·ª≈ß·§‚√-
∑’πÕ¬¥å®“°Õ“À“√ ·≈– – ¡„π√Ÿª·Õ µ“·´π∑’π ·≈–
∫’µ“-·§‚√∑’π‡ªìπÀ≈—°  ®÷ß∑”„Àâ‡°‘¥ ’ â¡-‡À≈◊Õß  „πµ—«
ª≈“∑Õß   ‰ª√Ÿ≈‘π“´÷Ëß¡’∫’µ“-·§‚√∑’π ‡ªìπ·§‚√∑’πÕ¬¥å
À≈—°®÷ß “¡“√∂‡√àß ’‡À≈◊Õß„πµ—«ª≈“∑Õß‰¥âÕ¬à“ß¡’
ª√– ‘∑∏‘¿“æ  ¥—ß‡ÀÁπ‰¥â®“°§à“√–¥—∫ ’‡À≈◊Õß-πÈ”‡ß‘π (b
value) ´÷Ëß‡æ‘Ë¡¡“°¢÷Èπ   ®“°°“√∑¥≈Õß§√—Èßπ’È°“√‡ √‘¡
 ‰ª√Ÿ≈‘π“„πÕ“À“√„π√–¥—∫§«“¡‡¢â¡¢âπ 5%  àßº≈„Àâ°“√
‡®√‘≠‡µ‘∫‚µ¢Õßª≈“∑Õß≈¥µË”≈ß°«à“°≈ÿà¡∑’Ë‰¥â√—∫Õ“À“√
‡ √‘¡ ‰ª√Ÿ≈‘π“ 1-3%  ‚¥¬∑’Ë¡’§à“√–¥—∫ ’‡À≈◊Õß·≈–·¥ß
‰¡à·µ°µà“ß°—π√–À«à“ß°≈ÿà¡∑’Ë‰¥â√—∫Õ“À“√‡ √‘¡ ‰ª√Ÿ≈‘π“ 3
·≈– 5% ¥—ßπ—Èπ°“√‡ √‘¡ ‰ª√Ÿ≈‘π“„πÕ“À“√ª≈“∑Õß 3%
®÷ß‡ªìπ√–¥—∫∑’Ë¡’§«“¡‡À¡“– ¡„π°“√‡√àß ’  ‚¥¬‰¡à¡’º≈
°√–∑∫µàÕ°“√‡®√‘≠‡µ‘∫‚µ¢Õßª≈“
‡Õ° “√Õâ“ßÕ‘ß
¡–≈‘  ∫ÿ≥¬√—µº≈‘π, °‘®°“√ »ÿ¿¡“µ¬å ·≈–™Ÿ»—°¥‘Ï ∫√‘ ÿ∑∏‘Ï. 2543.
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ªï∑’Ë 27 (©∫—∫æ‘‡»… 1) 2548: «“√‘™»“ µ√å
√–¥—∫¢Õß ‰ª√Ÿ≈‘π“„πÕ“À“√ª≈“∑Õß
 ÿ¿Ø“  §’√’√—∞π‘§¡ ·≈–§≥– 139
Halver, J.E, Hardy, R.W. and Hardy, D.M. 2002. Fish
Nutrition, Academic Press New York.
Kiessling, A. and Askbrandt, S. 1993. Nutritive value
of two bacterial strains of single-cell protein
for  rainbow  trout  (Oncorchynchus  mykiss)
Aquacult. : 119-130.
Lastcha, T. 1991. Carotenoids in aquatic animal nutri-
tion. Proceeding of the Aquaculture Feed Pro-
cessing  and  Nutrition  Workshop,  Bangkok,
Thailand, Sep. 19-25 1991. pp. 68-78.
Liao, W.L., Nur-E-Borhan, S.A., Okada, S., Matsui, T.
and  Yamaguichi,  K.  1993.  Pigmantation  of
cultured black tiger prawn by feedimg with a
Spirulina-supplemented  diet.  Nippon  Suisan
Gakkaishi 59(1): 165-169.
Ohkubo, M., Tsushima, M., Maoka, T. and Matsuno, T.
1999. Carotenoids and their metabolism in the
goldfish Carassius auratus (Hibuna).  Comp.
Biochem. Physio. B 124: 333-340.
Yamada, S., Tanaka, Y., Sameshima, M. and Ito, Y. 1990.
Pigmentation of prawn (Penaeus japonicus) with
carotenoids I. Effect of dietary astaxanthin, b-
carotene and canthaxanthin on pigmentation.
Aquacult. 87: 323-330.
Zar,  J.H.  1984.  Biostatistical  Analysis.  2nd  edition.
New York. Prentice-Hall.